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(54) Vehicle speed control apparatus

(57)  The invention relates to a vehicle speed control
apparatus for allowing a host vehicle (1) trailing a pre-
ceding vehicle (2) to accelerate and decelerate without
causing discomfort to the host vehicle driver. While the
host vehicle (1) is trailing the preceding vehicle (2), the
apparatus on board the host vehicle (1) stores the speed
of the preceding vehicle (2) entering a curve ahead as
well as a headway distance of the host vehicle (1) to the
preceding vehicle (2). Upon reaching the curve, the host
vehicle (1) is controlled by the apparatus to enter the
curve at a speed not in excess of the stored speed of the
preceding vehicle (2).
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Description
TECHNICAL FIELD

[0001] The presentinventionrelates to a vehicle speed
control apparatus for controlling the speed of an own ve-
hicle relative to a preceding vehicle.

BACKGROUND ART

[0002] A variety of devices have been developed to
alleviate burdens on the driver of a running vehicle and
to enhance driving safety. lllustratively, cruise control
systems and like apparatuses for controlling vehicles run-
ning at a constant speed have already been commercial-
ized. Currently under development are driving control ap-
paratuses that measure by radar a headway distance
and a relative speed of a host vehicle with respect to a
preceding vehicle so as to let the host vehicle run while
maintaining the headway distance or avoid collision with
the preceding vehicle. A cruise control system, once its
cruise mode switch is turned on, allows the vehicle to
maintain its speed until an operation such as the stepping
on the brake pedal is carried out to cancel the cruise
mode.

[0003] One conventional headway distance maintain-
ing system allows the host vehicle to maintain the head-
way distance if there is a preceding vehicle, and activates
a following control device to get into cruise mode based
on an established speed if there is no preceding vehicle.
Japanese Patent Laid-open No. Hei 8-192661 discloses
a driving control apparatus claimed to work as follows: if
the host vehicle trailing the preceding vehicle loses the
latter from a radar range, the apparatus sets as a target
vehicle speed the vehicle speed in effect when the pre-
ceding vehicle was lost. Thereafter, if a suitable reset
operation is performed during a predetermined period of
time, an initially set vehicle speed is restored; if no reset
operation is carried out, the target vehicle speed is es-
tablished as a new vehicle speed.

[0004] One disadvantage of the above and other sim-
ilar conventional apparatuses is that if the preceding ve-
hicle entering a curve is captured by radar, the apparatus
causes the host vehicle to start decelerating well before
the curve is reached so as to keep the headway distance
unchanged. Another disadvantage is that when the pre-
ceding vehicle starts accelerating at the exit of a curve,
the host vehicle behind it also starts accelerating even if
the trailing vehicle is still negotiating the curve.

DISCLOSURE OF INVENTION

[0005] The present invention has been made in view
of the above circumstances and provides a vehicle speed
control apparatus allowing a host vehicle trailing a pre-
ceding vehicle along a curve to accelerate and decelerate
in accordance with the configuration of the road.

[0006] In carrying out the invention, there is provided
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a vehicle speed control apparatus comprising detecting
means for detecting a headway distance, a relative speed
and a direction of a host vehicle with respect to a pre-
ceding vehicle, and computing means for computing a
speed of the preceding vehicle based on an own speed
and the relative speed of the host vehicle. After the speed
of the preceding vehicle transiting a given point on aroad
is acquired and retained, the host vehicle is controlled to
pass that point at a speed not exceeding the retained
speed of the preceding vehicle. When passing the point
in question, the host vehicle may be controlled to run at
a speed not exceeding the retained speed of the preced-
ing vehicle while keeping the headway distance to the
preceding vehicle from getting shorter than a predeter-
mined value. If subject to a yaw rate of a predetermined
minimum value, the host vehicle may be controlled to
keep its own speed from exceeding a maximum speed
determined by the yaw rate. If the vehicle speed control
apparatus further comprises detecting means for detect-
ing headway distances and directions of the host vehicle
with respect to a plurality of preceding vehicles, and if
the plurality of preceding vehicles change their courses
in the same direction, the apparatus may detect the pres-
ence of a curve ahead of the host vehicle and may keep
the speed of the host vehicle entering the curve not in
excess of the speeds of the preceding vehicles. If the
plurality of preceding vehicles change their courses in
different directions, the vehicle speed control apparatus
may control the speed of the host vehicle by getting road
information from an onboard navigation device to deter-
mine whether the directional change is attributable to the
preceding vehicles heading into road branches or chang-
ing lanes.

[0007] The inventive vehicle speed control apparatus
above controls the host vehicle entering a curve in a way
that keeps its speed from exceeding the speed of the
preceding vehicle that entered the curve earlier. This pro-
vides speed control of the host vehicle in keeping with
the configuration of the road. Because the lateral accel-
eration of the host vehicle is proportional to the product
of the own speed and a yaw rate of the vehicle, the max-
imum vehicle speed may be set in accordance with the
yaw rate. This keeps the lateral acceleration of the host
vehicle from exceeding a predetermined level, thus en-
hancing ride quality in keeping with the road configura-
tion. When the host vehicle is running a multiple-lane
road, the inventive apparatus may detect a plurality of
preceding vehicles changing their courses to ascertain
the presence of curves and thereby allow the host vehicle
to travel in accordance with the road configuration.

BRIEF DESCRIPTION OF DRAWINGS
[0008]
Fig. 1 is a block diagram of a vehicle speed control

apparatus embodying the invention.
Fig. 2 is a schematic view showing a positional re-
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lation between a host vehicle and a preceding vehi-
cle.

Figs. 3A and 3B are graphic representations of the
speed of the host vehicle varying with respect to that
of the preceding vehicle.

Figs. 4 through 6 are flowcharts of steps constituting
specific flows of control in trailing mode.

Figs. 7 and 8 are schematic views depicting posi-
tional relations between the host and preceding ve-
hicles as the host vehicle loses sight of the preceding
vehicle.

Fig. 9 is a flowchart of steps constituting a flow of
control in effect when the host vehicle while negoti-
ating a curve loses sight of the preceding vehicle.
Figs. 10 and 11 are schematic views indicating po-
sitional relations between the host vehicle and a plu-
rality of preceding vehicles.

Fig. 12 is a flowchart of steps constituting a flow of
control of the host vehicle trailing a plurality of pre-
ceding vehicles.

Fig. 13 is a schematic view illustrating a positional
relation between the host vehicle and the preceding
vehicle as the latter’s speed vector is estimated.
Figs. 14 and 15 are flowcharts of steps constituting
flows of control in estimating the speed vector of the
preceding vehicle.

Fig. 16 is a flowchart of steps constituting a flow of
control in effect when information from a navigation
device is utilized.

BEST MODE FOR CARRYING OUT THE INVENTION

[0009] The best mode for carrying out the invention
will now be described with reference to Figs. 1 through
15. Fig. 1 is a system block diagram of a vehicle speed
control apparatus embodying the invention. The vehicle
speed control apparatus comprises a main control unit
20 for driving control. The main control unit 20 is con-
nected to a number of components: a radar device 10
capable of detecting headway distances, relative speeds
and directions of a host vehicle with respect to a plurality
of preceding vehicles; a vehicle speed sensor 11 for
measuring an own speed of the host vehicle; a yaw rate
sensor 12 for measuring a yaw rate of the host vehicle;
and switches 13 making up an input device by which to
input commands for starting and stopping driving control
as well as a target vehicle speed in cruise mode. Infor-
mation from a navigation device 30 is also input to the
main control unit 20. The main control unit 20 incorpo-
rates a storage unit 16, a target vehicle speed and ac-
celeration computing unit 17, a vehicle control unit 18,
and a display content computing unit 19. The target ve-
hicle speed and acceleration computing unit 17 com-
putes a target vehicle speed and target acceleration
based on the headway distance, the relative speed and
the direction measured by the radar device 10, the own
speed of the host vehicle measured by the vehicle speed
sensor 11, on the yaw rate measured by the yaw rate
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sensor 12, and on the settings of the switches 13. Given
a target vehicle speed and acceleration, the vehicle con-
trol unit 18 computes command values destined for a
throttle valve controller 21, a transmission controller 22
and a brake controller 23, and outputs the commands to
the respective controllers. The settings of the switches
13 and the computed results from the target vehicle
speed and acceleration computing unit 17 and vehicle
control unit 18 are fed to the display content computing
unit 19. Based on the received data, the display content
computing unit 19 displays on a display unit 29 driving
control indications allowing the driver easily to verify the
driving status. The throttle valve controller 21 controls
the opening of a throttle valve 24 in accordance with a
command value from the vehicle control unit 18. Similar-
ly, the transmission controller 22 and brake controller 23
control a transmission 26 and a brake actuator 27 re-
spectively in keeping with command values supplied by
the vehicle control unit 18.

[0010] Fig. 2 is a schematic view explaining how the
embodiment of the invention operates in practice. Fig.
3A is a graphic representation of the speed of the pre-
ceding vehicle versus the own speed of the host vehicle
over distance with the embodiment in use. Fig. 3B is a
graphic representation of the speed of the preceding ve-
hicle versus the own speed of the host vehicle in effect
when a conventional headway distance control appara-
tus is employed. In the situation of Fig. 2, the host vehicle
1 trails the preceding vehicle 2. The radar device 10 on
board the host vehicle 1 measures a distance R1, a rel-
ative speed Rd1 and a direction 84 in relation to the pre-
ceding vehicle 2.

[0011] With the conventional headway distance con-
trol apparatus working as illustrated in Fig. 3B, the own
speed of the host vehicle is controlled in synchronism
with the speed of the preceding vehicle. Thus the pre-
ceding vehicle and host vehicle travel at about the same
speed V1 at time t3. In this case, the preceding vehicle
passes point P3 at time t3 and, by the time the host ve-
hicle passes point P3 at time t4, the preceding vehicle is
traveling at a speed V4. It follows that there occurs a
difference in speed (V3 - V4) between the preceding ve-
hicle and the host vehicle passing point P3.

[0012] With the inventive apparatus working as depict-
ed in Fig. 3A, the preceding vehicle running at speed V1
passes point P1 at time t1 at which the host vehicle pass-
es point Q1. The distance between the host vehicle and
the preceding vehicle is equal to the distance between
points P1 and Q1. The speed of the preceding vehicle is
computed from the own speed of the host vehicle and its
relative speed with respect to the preceding vehicle. The
target vehicle speed and acceleration computing unit 17
computes a target vehicle speed and target acceleration
based on the difference between the speed of the host
vehicle and the preceding vehicle speed V1 at time t1,
in such a manner that the host vehicle arriving at point
P1 will run at speed V1, i.e., the speed at which the pre-
ceding vehicle passed point P1 earlier. On the basis of
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the target vehicle speed and target acceleration thus
computed, the vehicle control unit 18 sends suitable com-
mand values to the throttle valve controller 21 and trans-
mission controller 22 as well as to an actuator controller
in the brake controller 23 for deceleration so that the host
vehicle passes point P1 at speed V1. Likewise, when the
preceding vehicle accelerates, e.g., when the preceding
vehicle is passing point P2 at speed V2 at time 2, the
host vehicle is passing point Q2. Given the difference
between the own speed and the speed V2 of the preced-
ing vehicle at time t2, the target vehicle speed and ac-
celeration computing unit 17 computes a target vehicle
speed and target acceleration accordingly. Based on the
target vehicle speed and target acceleration thus com-
puted, the vehicle control unit 18 sends appropriate com-
mand values to the throttle valve controller 21 and trans-
mission controller 22 for acceleration so that the host
vehicle arriving at point P2 reaches speed V2 at which
the preceding vehicle passed P2 earlier.

[0013] Fig. 4 is a flowchart of steps constituting a typ-
ical driving control routine carried out by the main control
unit 20. In step 100, a check is made to see if vehicle
speed controlled driving mode is established by the
switches 13. In step 101, the own speed of the host ve-
hicle is measured. In step 110, a check is made to see
if the onboard radar device 10 is keeping the preceding
vehicle within its range. If the preceding vehicle is out of
the range of the radar device 10, step 111 is reached in
which the host vehicle is controlled so as to maintain a
target vehicle speed. If the preceding vehicle is kept with-
in the range of the radar device 10, step 102 is reached
in which a headway distance, a relative speed and a di-
rection of the host vehicle in relation to the preceding
vehicle are measured by radar. In step 103, a check is
made to see if the direction of the preceding vehicle ex-
ceeds a predetermined threshold value. If the direction
of the preceding vehicle is found to be in excess of the
threshold value, i.e., if the preceding vehicle is deviating
by a predetermined angle from the frontal direction of the
host vehicle, step 104 is reached in which the speed of
the preceding vehicle passing a given point is obtained.
In step 105, a target speed and target acceleration are
acquired so that when the host vehicle reaches that point
of the preceding vehicle at which the latter’'s speed was
measured, the own speed of the host vehicle will not ex-
ceed the measured speed of the preceding vehicle. If in
step 103 the preceding vehicle is judged to be in the
frontal direction of the host vehicle, then step 107 is
reached. Step 107 is carried out to obtain a target vehicle
speed and target acceleration such as to attain a suitable
headway distance to the preceding vehicle (e.g., distance
to be covered in two seconds by the host vehicle running
at its own speed) on the basis of the own speed, current
headway distance and relative speed of the host vehicle.
Given the target speed and acceleration values thus ob-
tained, the main control unit 20 outputs suitable com-
mand values to the throttle valve controller 21, transmis-
sion controller 22 and brake controller 23 in order to attain
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the target values. In the typical routine of Fig. 4, a direc-
tional change rate of the preceding vehicle may alterna-
tively be obtained following step 102. In that case, a check
is made in step 103 to see if the directional change rate
of the preceding vehicle is in excess of a threshold value.
This modification also provides similar driving control.
[0014] Another typical driving control routine is de-
scribed below with reference to Fig. 5. The steps leading
up to step 105 are the same as those in the flow of driving
control in Fig. 4. In step 105, a target speed and target
acceleration are obtained. In step 108, a check is made
to see if either the headway distance measured in step
102 or a headway distance expected to be brought about
upon control execution is in excess of a predetermined
threshold value. If either of the headway distances is
found to be in excess of the threshold value, i.e., if a
sufficient headway distance is judged to be secured, step
106 is reached in which the controllers are supplied with
appropriate command values pursuant to the target ve-
hicle speed and target acceleration. If neither of the head-
way distances is judged to exceed the threshold value in
step 108, then step 109 is reached. In step 109, the target
speed and acceleration values are reduced so that the
headway distance will not be less than the threshold val-
ue. The reduced values are handed over to step 106 in
which the actuator controllers are fed with appropriate
command values for attaining the target values.

[0015] Described below with reference to Fig. 6 is a
typical control routine that additionally measures the yaw
rate of the host vehicle. After vehicle speed controlled
driving mode is judged to be established in step 100, step
120 is reached in which the own speed and yaw rate of
the host vehicle are measured. As in the example of Fig.
4, a check is made in step 110 to see if the radar device
10 is keeping the preceding vehicle within its range. If
the preceding vehicle is out of the range of the radar
device 10, step 111 is reached in which the host vehicle
is controlled so as to maintain a target vehicle speed. If
the preceding vehicle is kept within the range of the radar
device 10, step 102 is reached in which a headway dis-
tance, a relative speed and a direction of the host vehicle
in relation to the preceding vehicle are measured. In step
121, a check is made to see if the yaw rate of the host
vehicle is in excess of a predetermined threshold value.
If the yaw rate is found to be in excess of the threshold
value, i.e., if the host vehicle is judged to be turning, then
step 104 is reached. In step 104, the speed of the pre-
ceding vehicle is acquired on the basis of the own speed
and relative speed of the host vehicle. In step 105, a
target speed and target acceleration are acquired so that
when the host vehicle reaches that position of the pre-
ceding vehicle which was in effect upon measurement
of step 102, the own speed of the host vehicle will not
exceed the measured speed of the preceding vehicle. In
step 122, a check is made to see if the target speed ob-
tainedin step 105 is below a maximum speed determined
by the yaw rate. If the target speed is judged to be in
excess of the maximum speed, step 123 is reached in
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which the target vehicle speed and target acceleration
are modified so that the vehicle speed will not exceed
the maximum speed. On the basis of the target speed
and acceleration values thus acquired, the actuator con-
trollers are supplied in step 106 with appropriate com-
mand values for attaining the target values.

[0016] Described below with reference to Figs. 7, 8
and 9 is a typical control routine for use when the pre-
ceding vehicle is lost from the radar range while the host
vehicle is negotiating a curve.

[0017] In the situation of Fig. 7, the onboard radar de-
vice 10 measures the distance R1, relative speed Rd1
and direction 6, of the host vehicle 1 in relation to the
preceding vehicle 2. In the situation of Fig. 8, the preced-
ing vehicle 2 is out of the radar range. In these drawings,
dotted lines represent measuring ranges of radar.
[0018] Fig. 9 is a flowchart of steps constituting the
control routine for use in the situations of Figs. 7 and 8.
After vehicle speed controlled driving mode is judged to
be established in step 100, step 120 is reached in which
the own speed and yaw rate of the host vehicle are meas-
ured. In step 110, a check is made to see if the preceding
vehicle is caught within the radar range. If the preceding
vehicle is kept within the radar range, step 102 is reached
in which a headway distance, a relative speed and a di-
rection of the host vehicle in relation to the preceding
vehicle are measured. In step 131, the speed of the pre-
ceding vehicle is computed and stored into the storage
unit 16. In step 121, a check is made to see if the yaw
rate of the host vehicle is in excess of a predetermined
threshold value. If the yaw rate is found to be in excess
of the threshold value, i.e., if the host vehicle is judged
to be turning, then step 105 is reached. In step 105, a
target speed and target acceleration are acquired so that
when the host vehicle reaches that position of the pre-
ceding vehicle which was in effect upon measurement
of step 102, the own speed of the host vehicle will become
equal to the measured speed of the preceding vehicle.
If in step 121 the yaw rate is judged to be below the
threshold value, then step 107 is reached. Step 107 is
carried out to obtain a target vehicle speed and target
acceleration such as to attain a suitable headway dis-
tance to the preceding vehicle (e.g., distance to be cov-
ered in two seconds by the host vehicle running at its
own speed) on the basis of the own speed, current head-
way distance and relative speed of the host vehicle. If in
step 110 the preceding vehicle is judged to be out of the
radar range, step 132 is reached in which the most re-
cently stored speed of the preceding vehicle is estab-
lished as a target vehicle speed. If the yaw rate is judged
to be in excess of the threshold value, step 122 is
reached; ifthe yaw rate is found to be below the threshold
value, step 106 is reached. In step 122, a check is made
to see if the target speed obtained in step 105 or 107 is
below a maximum speed determined by the yaw rate. If
the target speed is judged to be in excess of the maximum
speed, step 123 is reached in which the target vehicle
speed and target acceleration are modified so that the
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vehicle speed will not exceed the maximum speed. In
keeping with the target speed and acceleration values
thus acquired, the actuator controllers are supplied in
step 106 with appropriate command values for attaining
the target values.

[0019] Described with reference to Figs. 10 through 12
is a typical control routine for use when a plurality of pre-
ceding vehicles are caught within the radar range. In the
situation of Fig. 10, the onboard radar device 10 meas-
ures the headway distance R1, relative speed Rd1 and
direction 64 of the host vehicle 1 in relation to the preced-
ing vehicle 2, as well as a headway distance R2, arelative
speed Rd2 and a direction 6, of the host vehicle 1 in
relation to another preceding vehicle 3. In the situation
of Fig. 11, the onboard radar device 10 measures a head-
way distance R3, a relative speed Rd3 and a direction
05 ofthe host vehicle 1inrelation to yet another preceding
vehicle 4 running ahead of the preceding vehicle 2.
[0020] Fig. 12 is a flowchart of steps constituting the
control routine for use in the situations outlined above.
After vehicle speed controlled driving mode is judged to
be established in step 100, step 101 is reached in which
the own speed of the host vehicle is measured. In step
110, a check is made to see if the radar device 10 is
keeping at least one preceding vehicle within its range.
If no preceding vehicle is caught within the radar range,
step 111 is reached in which the host vehicle is controlled
so as to maintain a target vehicle speed. If in step 110
at least one preceding vehicle is found to be kept within
the radar range, step 143 isreached. In step 143, a check
is made to see if there are at least two preceding vehicles.
If two preceding vehicles are not found within the radar
range, step 102 is reached in which the headway dis-
tance, relative speed and direction of the host vehicle in
relation to one preceding vehicle are measured. Step 102
is followed by step 107. If at least two preceding vehicles
are detected in step 143, step 140 is reached in which
the headway distances, relative speeds, and directions
of the host vehicle in relation to the plurality of preceding
vehicles are measured. In step 141, a check is made to
see if the directions of the plurality of preceding vehicles
including the immediately preceding vehicle are in ex-
cess of a predetermined threshold value. If the directions
of the preceding vehicles are judged to exceed the
threshold value, step 142 is reached in which the imme-
diately preceding vehicle is selected and its speed is ob-
tained. In step 105, atarget speed and target acceleration
are acquired so that when the host vehicle reaches that
position of the immediately preceding vehicle which was
in effect upon measurement of the latter’s speed, the own
speed of the host vehicle will not exceed the measured
speed of the preceding vehicle. If in step 141 the direc-
tions of the plurality of preceding vehicles are judged to
be below the threshold value, or if in step 143 only one
preceding vehicle is judged to be present, then step 107
is reached. Step 107 is carried out to obtain a target ve-
hicle speed and target acceleration such as to attain a
suitable headway distance to the preceding vehicle on
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the basis of the own speed, current headway distance
and relative speed of the host vehicle in relation to the
preceding vehicle. Given the target speed and acceler-
ation values thus obtained, the main control unit 20 in
step 106 outputs appropriate command values to the
throttle valve controller 21, transmission controller 22 and
brake controller 23 in order to attain the target values.
[0021] Described below with reference to Figs. 13
through 15 is typical means for allowing the host vehicle
to control its own speed by computing a relative speed
vector of the preceding vehicle.

[0022] Fig. 13 shows a method for obtaining a speed
vector and a yaw rate of the preceding vehicle. It is as-
sumed that the frontal direction of the host vehicle 1 is
represented by the Y axis and the direction perpendicular
to the Y axis at the radar position is denoted by the X
axis. The headway distance and direction of the host ve-
hicle measured by radar relative to the preceding vehicle
are used as a basis for acquiring relative coordinates (x,
y) of the host vehicle in relation to the preceding vehicle.
The coordinates are temporally differentiated to provide
a relative speed vector as a temporally differentiable
function of the headway distance R, relative speed Rd,
and direction 6 of the host vehicle. A speed vector direc-
tion ¢ of the preceding vehicle is obtained in terms of
polar coordinates of the relative speed vector. As aresult,
a relative yaw rate o of the preceding vehicle as viewed
from the host vehicle 1 is acquired as a function of speed
vector components and differential values of the compo-
nents.

[0023] Fig. 14 is aflowchart of steps constituting a typ-
ical routine for controlling the own speed of the host ve-
hicle through acquisition of the speed vector and yaw
rate of the preceding vehicle. The steps leading up to
step 102 are the same as those in the flow of Fig. 9. In
step 150, a relative speed vector of the preceding vehicle
is obtained. In step 151, arelative yaw rate acquired from
changes in the speed vector of the preceding vehicle is
added to the yaw rate of the host vehicle to provide a
yaw rate of the preceding vehicle. In step 152, a check
is made to see if the yaw rate of the preceding vehicle is
in excess of a predetermined threshold value. If the yaw
rate is judged to be in excess of the threshold value, step
105 is reached. In step 105, a target speed and target
acceleration are acquired so that when the host vehicle
reaches that position of the preceding vehicle which was
in effect at the previous speed measurement, the own
speed of the host vehicle will become equal to the meas-
ured speed of the preceding vehicle. If in step 152 the
yaw rate is judged to be below the threshold value, the
step 107 is reached. Step 107 is carried out to obtain a
target vehicle speed and target acceleration such as to
attain a suitable headway distance to the preceding ve-
hicle on the basis of the own speed, current headway
distance and relative speed of the host vehicle. In keeping
with the target speed and acceleration values thus ac-
quired, the main control unit 20 in step 106 supplies the
actuator controllers with appropriate command values for

10

15

20

25

30

35

40

45

50

55

attaining the target values.

[0024] Fig. 15is aflowchart of steps constituting a typ-
ical routine for use when the speed vector is utilized for
control. The steps leading up to step 151 are the same
as those in the flow of Fig. 13, whereby the speed vector
ofthe preceding vehicle is computed. In step 153, acheck
ismade to seeifthe host vehicle has reached that position
of the preceding vehicle which was in effect upon meas-
urement in step 102. When the host vehicle is judged to
have reached the previously measured position of the
preceding vehicle, step 154 is reached in which the yaw
rate of the host vehicle is measured. In step 155, a check
is made to see if the difference between the yaw rate of
the preceding vehicle computed in step 151 and the yaw
rate of the host vehicle measured in step 154 is in excess
of a predetermined threshold value. If the difference is
judged to be in excess of the threshold value in step 155,
that means the direction in which the preceding vehicle
is running differs from the frontal direction of the host
vehicle. In that case, the host vehicle is stopped from
following the immediately preceding vehicle. If in step
155 the difference in yaw rate between the preceding
vehicle and the host vehicle is found to be less than the
threshold value, step 160 is reached. Step 160 is carried
outto obtain atarget vehicle speed and a target headway
distance on the basis of the own speed, current headway
distance, relative speed, direction and yaw rate of the
host vehicle. In keeping with the target values thus ac-
quired, the actuator controllers are supplied in step 106
with command values for attaining these target values.

[0025] Fig. 16 is a flowchart of steps constituting a typ-
ical routine for use when road information from a navi-
gation device is utilized. The steps leading up to step 104
are the same as those in the flow of Fig. 4. In step 160,
the main control unit 20 receives road information regard-
ing the current vehicle position from the navigation device
30. Given the road information, a check is made in step
161 to see if road branches exist near the host or pre-
ceding vehicle. If no road branches are judged to exist,
step 105 is reached. In step 105, a target speed and
target acceleration are acquired so that when the host
vehicle reaches that position of the preceding vehicle
which was in effect upon the previous speed measure-
ment, the own speed of the host vehicle will not exceed
the measured speed of the preceding vehicle. If road
branches are judged to exist in step 161, then step 107
is reached. Step 107 is carried out to obtain a target ve-
hicle speed and target acceleration such as to attain a
suitable headway distance to the preceding vehicle on
the basis of the own speed, current headway distance
and relative speed of the host vehicle. In keeping with
the target speed and acceleration values thus acquired,
the main control unit 20 in step 106 supplies the throttle
valve controller 21, transmission controller 22 and brake
controller 23 with command values for attaining the target
values.



11 EP 1 674 322 A1 12

INDUSTRIAL APPLICABILITY

[0026] As described, the embodiment of the invention
measures and stores the speed of the preceding vehicle
as it passes a given point on the road. When passing the
same point, the host vehicle is controlled by the embod-
iment to run at a speed not in excess of the stored speed
of the preceding vehicle. The embodiment thus allows
the host vehicle entering a curve to run at a speed not
exceeding the speed of the preceding vehicle having en-
tered the same curve earlier. This provides the host ve-
hicle with speed control such that its driver can follow the
configuration of the road with a minimum of discomfort.
Because the host vehicle is allowed to run while estimat-
ing the speed vector of the vehicle running ahead, the
host vehicle can trail the preceding vehicle comfortably
even along a complicated road configuration comprising
NUMErous Curves.

Claims
1. A vehicle speed control apparatus comprising:

detecting means (10) for detecting headway dis-
tances and directions of a host vehicle (1) in re-
lation to a plurality of preceding vehicles (2); and
judging means which, if said plurality of preced-
ing vehicles (2) are found turning in the same
direction, judges that said host vehicle (1) is
heading toward a curved road.

2. A vehicle speed control apparatus comprising:

detecting means (10) for detecting headway dis-
tances, relative speeds and directions of a host
vehicle (1) in relation to a plurality of preceding
vehicles (2);

detecting means (11) for detecting an own
speed of said host vehicle (1);

computing means (17) for computing speeds of
said plurality of preceding vehicles (2) based on
said own speed and said relative speeds of said
host vehicle (1); and

controlling means (18) which, if said plurality of
preceding vehicles (2) are found turning in the
same direction, then judges that said host vehi-
cle (1) is heading toward a curved road and con-
trols at least one of a throttle valve device (24),
a transmission device (16) and a braking device
(27) so that said own speed of said host vehicle
(1) entering said curved road does not exceed
the speed of the immediately preceding vehicle
(2) having entered said curved road earlier.

3. A vehicle speed control apparatus comprising:

detecting means (10) for detecting headway dis-
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tances, relative speeds and directions of a host
vehicle (1) in relation to a plurality of preceding
vehicles (2);

detecting means (11) for detecting an own
speed of said host vehicle (1);

computing means (17) for computing speeds of
said plurality of preceding vehicles (2) based on
said own speed and said relative speeds of said
host vehicle (1); and

controlling means (18) which, if said plurality of
preceding vehicles (2) are found turning in dif-
ferent directions, then controls at least one of a
throttle valve device (24), a transmission device
(16) and a braking device (27) so as to maintain
said own speed of said host vehicle (1) for a
predetermined period of time.

4. A vehicle speed control apparatus comprising:

detecting means (10) for detecting headway dis-
tances, relative speeds and directions of a host
vehicle (1) in relation to a plurality of preceding
vehicles (2);

detecting means (11) for detecting an own
speed of said host vehicle;

computing means (17) for computing speeds of
said plurality of preceding vehicles (2) based on
said own speed and said relative speeds of said
host vehicle (1); and

controlling means (18) which, if said plurality of
preceding vehicles (2) are found turning in dif-
ferent directions, then acquires road information
about a currently-taken road form a navigation
device, said controlling means (18) further de-
termining a target own speed of said host vehicle
(1) based on the computed speeds of said plu-
rality of preceding vehicles (2) and on the ac-
quired road information.

5. Avehicle speed control apparatus according to claim
4, wherein said road information includes road
branch information;
wherein, if said road information points to road
branches ahead, then said controlling means (18)
allows said host vehicle (1) to trail the immediately
preceding vehicle (2), and
wherein, if said road information indicates absence
of any road branches ahead, then said controlling
means (18) controls at least one of a throttle valve
device (24), atransmission device (16) and a braking
device (27) so as to maintain said own speed of said
host vehicle (1) for a predetermined period of time.

6. Avehicle speed control apparatus according to claim
4, wherein said road information includes road lane
information;
wherein, if a one-side single-lane road is currently
taken, then said controlling means (18) allows said
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host vehicle (1) to trail the immediately preceding
vehicle (2); and

wherein, if a one-side multiple-lane road is currently
taken, then said controlling means (18) controls at
least one of a throttle valve device (24), a transmis-
sion device (16) and a braking device (27) so as to
maintain said own speed of said host vehicle (1) for
a predetermined period of time.

A vehicle speed control apparatus comprising:

detecting means (10) for detecting a headway
distance, a relative speed and a direction of a
host vehicle (1) in relation to a preceding vehicle
(2):

detecting means (11) for detecting an own
speed and a yaw rat of said host vehicle (1);
computing means (17) for computing a speed
vector of said preceding vehicle (2) with respect
to said host vehicle (1) on the basis of said rel-
ative speed and said direction; and

judging means for judging whether said preced-
ing vehicle is passing a curve.

8. A vehicle speed control apparatus comprising:

detecting means (10) for detecting a headway
distance, a relative speed and a direction of a
host vehicle (1) in relation to a preceding vehicle
(2);

trailing means for allowing said host vehicle (1)
to trail said preceding vehicle (2);

detecting means (11) for detecting on own
speed and a yaw rate of said host vehicle (1);
computing means (17) for computing a speed
vector of said preceding vehicle (2) with respect
to said host vehicle

(1) on the basis of’said relative speed and said
direction;

computing means (17) for computing a yaw rate
of said preceding vehicle (2) on the basis of
changes in said speed vector; and

comparing means which, if the yaw rate of said
preceding vehicle (2) passing a given point is
judged to be in excess of a predetermined value,
then stores the yaw rate of said preceding vehi-
cle (2), said comparing means further compar-
ing the stored yaw rate of said preceding vehicle
(2) with the detected yaw rate of said host vehicle
(1) when said host vehicle (1) reaches the point
at which the yaw rate of said preceding vehicle
(2) was stored.

Avehicle speed control apparatus according to claim
8, further comprising controlling means which, if a
difference between the yaw rate of said preceding
vehicle and the yaw rate of said host vehicle (1) is
judged to exceed a predetermined value, then con-
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10.

trols at least one of a throttle valve device (24), a
transmission device (16) and a braking device (27)
so as to stop said host vehicle (1) from trailing said
preceding vehicle (2) and to maintain said own speed
of said host vehicle (1) for a predetermined period
of time.

Avehicle speed control apparatus according to claim
8, further comprising controlling means which, if a
difference between the yaw rate of said preceding
vehicle (2) and the yaw rate of said host vehicle (1)
is judged to be below a predetermined value, then
stores a speed of said preceding vehicle (2) passing
a given point and controls at least one of a throttle
valve device (24), a transmission device (16) and a
braking device (27) so that said own speed of said
host vehicle (1) passing said point does not exceed
the stored speed of said preceding vehicle (2).
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